Abstract The large yellow croaker Larimichthys crocea is one of the most important fish species in China. To estimate the reproductive success of breeders, three independent full-factorial crosses were created and the fins of breeders and progenies were sampled for microsatellite analysis. Out of 959 offspring from three sets, 99.6% were assigned to their parents using 6-7 microsatellite markers. In all crosses, some parent pairs produced a large number of offspring and some parent pairs did not produce any offspring. The contributions of male or female parents were unequal, ranging from 1.0-89.3% across the three sets. The loss of putative N e was 69.6% in set 1, 31.2% in set 2 and 57.6% in set 3. These results suggest that the unequal contribution of parents is universal in artificial breeding of L. crocea, especially in a small population, and this should be taken into account in hatcheries or when releasing animals for resource enhancement [Current Zoology 58 (2): 244249, 2012].
The large yellow croaker Larimichthys crocea is one of the most important mari-culture fish species in China. Wild large yellow croaker declined in the 1970s due to overfishing, and stocks were almost exhausted by the mid-1980s to 1990s. Research into hatchery methods began in 1985 and artificial propagation was successful by 1987. By 2005, the annual production of large yellow croaker reached 69600 t, with two billion fingerlings produced . In artificial propagation of L. crocea, the breeders are firstly injected with hormones such as a hypothalamic luteinizing hormonereleasing hormone analogue (LRH-A) or human chorionic gonadotropin (HCG), followed by mass spawning in tanks (Su 2004 ). The fertilized eggs are then collected and incubated; however, the contributions of each breeder cannot be determined and this may be impacting the effective population size (N e ). To date, the impacts of such practices on N e have not been evaluated for L. crocea and may be detrimental to the long term management of the domestication program.
Microsatellites as a co-dominant molecular marker have been widely used for analyzing the reproductive success of breeders (Fessehaye et al., 2006 , 2009；Wang et al., 2008 Lemay and Boulding, 2009 ), parentage assignment (Norris and Cunningham, 2004; Castro et al., 2007; Borrell et al., 2011) , stock culture and enhance management (Borrell et al., 2004; Sekino et al., 2003; Glover et al., 2009) , genetic structure analysis (Zhao et al, 2010; Wu et al, 2009) , and genetic map construction (Ning et al., 2007; Li et al., 2008) . A large number of microsatellite markers have been isolated in large yellow croaker in recent years (Guo et al., 2005; Ye et al., 2010) , but no studies into parentage assignment and parental contribution using these markers have been conducted. The aim of this study was to estimate the efficiency of microsatellite parentage assignment, the family representation for offspring and parental contribution in three sets of factorial crosses in large yellow croaker. The results may serve as reference data when developing hatchery management strategies for large yellow croaker in the future.
Materials and Methods

Breeders and offspring
Three independent full-factorial crosses (set 1, set 2 and set 3) of large yellow croaker were created at the large yellow croaker hatchery station at Ningde, Fujian, China in March 2007. Twenty-five breeders from different sea areas of Fujian were divided into 3 sets at 2 years of age: set 1 comprised 8 breeders (4 females, 4 males), set 2 comprised 10 breeders (3 females, 7 males), and set 3 comprised 7 breeders (3 females, 4 males). For each set, the breeders were allowed to spawn freely in a separate tank after being injected with LRH-A 3 . The dorsal fin of each breeder was sampled after fertilized eggs were successfully collected. The fry were reared in a hatchery tank for one month and then transferred to a floating cage in the Ningde Sandu'ao Gulf. In April 2008, offspring were sampled at 13 months of age (set 1: 389 offspring; set 2: 323 offspring; set 3: 247 offspring). A fin sample was collected from each fish and stored in 90% ethanol for genotyping.
DNA extraction and microsatellite analysis
Genomic DNA was extracted and polymorphic microsatellite loci amplified following Li et al. (2008) . Nine microsatellite loci isolated from an enriched large yellow croaker genomic DNA library (Guo et al., 2005) or EST-derived (Ye et al., 2010) , were screened for parentage assignment analysis (Table 1 ). All primers were synthesized by Shanghai Sangon Biological Engineering Technology & Services Co. Ltd. (Shanghai, China). PCR amplification was performed in a 20 μl reaction volumes containing 40-100 ng of template DNA, 1× PCR buffer (10 mM Tris, 50 mM KCl, 15 mM MgCl 2 , pH 9.0), 200 μM of each dNTP, 0.5 U Taq polymerase (Promega, USA), and 4 pmol of each primer. PCR cycling was carried out on an Autorisierter Thermocycler (Eppendorf, German) with the initial denaturing at 95 °C for 5 min, followed by 30 cycles of 30 s denaturing at 95 °C, 30 s annealing at locus-specific temperatures, 30 s extension at 72 °C, and a final extension for 10 min at 72 °C. PCR products were denatured and visualized using denaturing polyacryl-amide gels (6%) followed by silver staining (Wang et al., 2004) . 
Parentage assignments
We used Cervus 3.0 (Kalinowski et al., 2007) to assign parentage. This program calculates both the a priori polymorphic information content (PIC) for every locus from each breeder and the total exclusionary power (E). In addition, the program simulates parental assignments. The simulation module in Cervus 3.0 was designed for two purposes: to estimate the resolving power of a series of co-dominant loci and to estimate critical values of the log-likelihood statistics LOD or Delta. In our research, two confidence levels (99%, 95%) were settled in simulation analysis and 10000 offspring were virtually generated. The proportion of loci typed was defined as 100% for the ideal condition (no genotype date missing), with mistyped tolerance level defined at 1%. After simulation suitable microsatellite markers screened above were applied in parentage assignment analysis.
Estimating effective breeding numbers (N e ) and genetic diversity
To examine the effects of family sizes the effective genetic size of the population (N e ) was calculated. The basic formula used was:
where N is the offspring sample size, K s and K d are the mean number of offspring per sire and dam, respectively, and V s and V d are the variances of family sizes of sire and dam, respectively (Chevassus, 1989) . Under the usual assumptions of random family samples within equally sized families, N s was also calculated using the simplified formula (Falconer, 1989) :
where N s is the number of sires and N d is the number of dams. The allele number (N a ), observed heterozygosity (H o ), expected heterozygosity (H e ), polymorphism information contents (PIC) for breeders and offspring were calculated in Cervus 3.0.
Results
Simulation analysis
At the 99% confidence level, in order to obtain a high assignment ratio (>99%), 7 microsatellite markers are needed for set 1, 8 for set 2 and 7 for set 3. At the 95% confidence level, 5, 6 and 5 microsatellite markers are needed. We chose the 95% confidence level after considering both the cost and data accuracy. Because the parents are different, the markers used in each set are not identical. For set 1, LYC0002，LYC0009, LYC0011, LYC0012 and LYC0066 were chosen; for set 2, LYC0002, LYC0004, LYC0009, LYC0011, LYC0060 and LYC0066 were chosen; and for set 3, LYC0002, LYC0009, LYC0011, LYC0066 and LYC0067 were chosen.
Parentage assignments
The actual assignment ratio was a little lower than simulation results, approximately 90% of progeny could be correctly assigned to their parents. To obtain a relative high assignment ratio, one additional microsatellite marker was used for each set (LYC00027 for set 1, LYC0012 for set 2, LYC0004 for set 3). The final results were very good and the successful assignment ratio was 99% (385/389) for set 1, 100% (323/323) for set 2, and 100% (247/247) for set 3.
Among the 49 potential parental pairs, 43 were detected. The progeny belonged to 13, 20 and 10 full-sib families for set 1, set 2 and set 3, respectively. The contribution of male parents was 1.2%-47.1% in set 1, 1%-89.3% in set 2 and 2%-61.9% in set 3. The contribution of female parents was 25.1%-37.8% in set 1, 1.5%-69.6% in set 2 and 8.5%-81.3% in set 3. The contribution of each parental pair was 0-63% in set 1, 0-30% in set 2 and 0-61% in set 1 (Table 2) . 
Estimating effective breeding numbers (N e ) and genetic diversity
The results of N a , H o , H e , PIC for breeders and offspring are shown in Table 3 . The genetic diversity of offspring was some degree lower than that observed in the breeders. The large disparity in family size results a significant reduction of the effective genetic size (N e ) of the offspring sample. For set 1, if we assume that all four dams and all four sires participated equally in the production of offspring, the expected N e was 8; if we take into account the true variance in family size, the observed N e was 2.43, a reduction of 69.6%. The loss of putative N e in set 2 and set 3 was 31.2% and 57.6%, respectively (Table 3) . (1): effective population sizes using 4(Nm×Nf)/(Nm+Nf) (Falconer, 1989) . ΔF(1): rate of inbreeding using ΔF=1/2 Nê (Falconer, 1989) . N e (2): effective population sizes using (Chevassus, 1989) and then ΔF=1/2 N e (Falconer, 1989) .
Discussion
Here, three marker sets were developed for three independent populations with few breeders ( 10). The efficiency for parentage assignment was very high (>99%) and is similar to results from common carp (Cyprinus carpio L.) (Vandeputte et al., 2004) , three sparid species (Sparus auratus L., Pagrus pagrus L. and P. auriga, Valenciennes, 1843) (Navarro et al., 2008) , European sea bass (Dicentrarchus labrax L.) (DupontNivet et al., 2008) , and silver carp Hypophthalmichthys molitrix (Gheyas et al., 2009) . However, the actual assignment ratio was lower than predicted by the simulation. Many factors such as genotyping errors, null alleles, mutations and random allelic associations among loci can affect the true assignment success of a marker set (Vandeputte et al., 2011) . The main reason in our study may be genotyping error. Although denaturing polyacrylamide gel electrophoresis can distinguish 1 bp size difference in theory, in practice it is hard to identify small size differences because of the electrophoresis strip width, especially when the allele size is large (larger than 200 bp). The exhibition of stuttering and shadow band in some loci also make detecting accurate allele sizing more difficult. To solve this problem one additional microsatellite marker was added to the parentage assignment marker suits. Nearly all the offspring could successfully be assigned to their parents using these marker suites. We did not develop a unit marker set for all fish using a multiplex PCR technology though it may be efficient and economical in practice. Hence, in the next step, a universal set of microsatellites markers and more cost-effective and time-saving multiplex-PCR genotyping systems should be developed. Ideally, all markers (3-6) should be amplified in one PCR reaction and then genotyped (Neff et al., 2000; Navarro et al., 2008; Gheyas et al., 2009) .
The current study indicated that the pedigree structure of progeny deviated from the ideal conditions when the mass spawning method is used for small populations. For example, in set 1 and set 3, the largest full-sib family took up more than 60% of all offspring. In set 2, the ratio fell to 30%, but the largest 3 full-sib families still took up more than 70% of all offspring. The main reason for unequal contribution in large yellow croaker could be competition among males at the mating event, similar to that observed in Japanese flounder Paralichthys olivaceus (Sekino et al, 2003) and common carp (Kaspar et al., 2008) . Sugama et al. (1988) further propose that the release time of female eggs and male sperm were not synchronized. We examined the sexual maturity of each parental fish prior to artificiallyinduced spawning to ensure the synchronization of releasing, but the mating behavior of parental fish cannot be accurately controlled. Additionally, differences in the amount of eggs laid and fertilization, hatchery and survival rates of each parental pair may also be factors contributing to unequal parental contribution.
The unequal reproductive successes of breeders lead to a reduction of the effective size of the populations and a loss of genetic variability. This phenomenon was also found in common carp (Vandeputte et al., 2004) , Nile tilapia Oreochromis niloticus (Fessehaye et al., 2006) , Asian seabass (Lates calcarifer) , humpback grouper (Cromileptes altivelis Valenciennes, 1828) (Na-Nakorn et al., 2010) and European anchovy (Engraulis encrasicolus L.) (Borrell et al., 2011) . If genetic diversity and N e decline severely in the future inbreeding will take place. In order to avoid inbreeding, it is necessary to keep parental contributions equal or add breeders to selective breeding or resource enhancement programs. We recommend that artificial fertilization methods be employed so the contribution of each breeder can be accurately controlled.
